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Abstract：Viscous CFD computations are performed to predict the aerodynamic coefficients and flowfield for 
a missile with grid fins by using hybrid structure-unstructured grids. The computations are made at Mach 
numbers of 0.7 and 2.0. Full N-S equations are discretized into finite volume form and solved by an algorithm 
in LU-SGS. The comparisons between computation and experimental data are made, and the detailed flow 
structure near grid fin is shown and examined. 
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栅格翼导弹流场混合网格 N-S方程数值计算.  邓有奇，马明生，郑  鸣，周乃春. 中国航空学报(英文
版), 19(4): 304-308. 
摘  要：采用结构和非结构混合网格技术，对栅格翼导弹黏性流场进行数值模拟，预测其气动特
性。计算的马赫数为 0.7～2.5。用有限体积法和 LU-SGS算法求解 N-S方程。计算与实验数据以
及栅格翼附近流场结构进行了比较。 
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1The grid fin is an unconventional aerodynamic 
lifting and control surface that consists of an outer 
frame supporting an inner grid of intersecting planar 
surfaces of small chord. Interest in grid fins is 
primarily in their potential use on highly 
maneuverable vehicles due to their advantages over 
conventional planar controls at high angles of attack 
and high Mach numbers. The fin design offers 
favorable lift characteristics at high angles of attack 
and near-zero hinge moments, which allows the use 
of small and lightweight actuators. 
Aerodynamic characteristics of different grid 
fin configurations were investigated by 
Washington and Miller[1], such as the effects of 
internal grid framework, Mach number, angle of 
attack, and fin deflection angle on grid fin 
aerodynamic characteristics. Very small hinge 
                                                        
 
 
moments caused by the grid fin and comparable 
magnitudes of normal force and the root bending 
moments caused by grid fins and planar fins of 
similar size were observed. The available data on 
grid fins are based on wind tunnel tests[2], numerical 
and theoretical investigations[3]. The flow patterns 
of the wake of an oblique honeycombed grid fin 
were visualized by hydrogen bubble technique in a 
water channel[4]. 
It is always interesting to predict the just  
mentioned phenomena by analytical and numerical 
methods from fundamental conservation laws. 
Numerical simulations by solving Euler equations[5]  
were performed, so that the aerodynamic efficiency 
of the fairing ramp can be analyzed quantitatively. 
Until 2000, Navier-Stokes simulations[6] for the 
flow over missiles with grid fins were obtained by 
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the commercial unstructured-grid solver (FLUENT). 
Second-order upwind discretization by Roe’s 
method was used for the flow variables and 
turbulent viscosity equation. Spalart-Allmaras 
model with wall function was applied to resolve the 
problem caused by inefficient fine mesh near-wall 
region. 
In the recent years, the Computational Fluid 
Dynamics (CFD) community has witnessed the 
conjectures on the relative merits of using either a 
multiblock-structured or a unstructured-grid app- 
roach for computing complex geometries. The 
multiblock-structured grid method makes effective 
use of computer resources by exploiting the 
inherent i-j-k sets of computational coordinates. It 
also provides a natural basis for incorporating 
one-directional refinements (e.g., thin viscous layer 
near body geometry etc). The unstructured-grid 
method can easily treat geometrically complex 
configurations. This flexibility is a consequence of 
arbitrarily orienting and choosing the number of the 
elements which make up the computational grid. 
The generation of multi-block structured grid 
method for complex 3D configurations, although 
possible, generally requires an enormous effort. On 
the other hand, even though it is simpler to generate 
the unstructured grids, it is often poorly suited for 
computing viscous dominated regions of high 
Reynolds number flows, such as boundary layers. 
Clearly, each method has its own advantages and 
weaknesses[7]. Hence, efforts have been made to 
develop a method that properly combines both the 
structured and the unstructured grids, and maximi- 
zes the respective advantages their own. The 
approach made here will yield structured grids in 
the major portion of the domain with only small 
regions filled with unstructured grids. The present 
algorithm solves the full Navier-Stokes equations. 
Numerical schemes solving flow variables in delta 
form are described in the following sections. 
1 Governing Equations and Numerical 
Method 
The Navier-Stokes equations can be expressed 
in the curvilinear coordinate system ),,( ζηξ  and 
conservation form as follows[8], 
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where Q is the vector of conserved variable, F,G 
and H are inviscid flux vectors, Fv, Gv and Hv are 
viscous flux vectors. 
(1) Structured-grid code 
Using implicit difference scheme, a set of 
non-linear equations is obtained, 
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Viscous term of RHS is treated with the 
general central difference scheme. 
As for the convective term, MUSCL FVS 
(Flux Vector Splitting) method is used. First, the 
value of ‘w’ at the grid point is extrapolated to the 
network’s interface. Next, the flux-vector splitting 
at the interface is used. Because of this, the 
following equation can be derived, 
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Using the second scheme of upwind-biased, 
( )[ ]iii ∆k∆kWW +−−+ ++−+= )1()1412/1  
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where 
( )i∆∆∆ −++ = ,modmin    
( ) 1,modmin ++−− = i∆∆∆  
( ) iii WW∆ −= ++ 1         ( ) 1−− −= iii WW∆     
In the present study the LU-SGS[5] implicit 
method is used.  
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(2) Unstructured-grid code 
Based on the cell-centered finite volume 
method, the semi-discretized form can be cast， 
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    The LU-SGS formulation can be described as 
follows： 
Forward sweep： 
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2  Grid Generation 
The model under present investigation is a 
10.4-caliber, four-grid-fin missile shape. There is a 
three-calibers tangent-ogive nose, faired into a 
7.4-caliber afterbody of the missile. These two-fin 
hinge axles are located 2.0 calibers before the end of 
the missile. The missile body diameter is 5 inch      
(1 inch=2.54 cm). The chord length of grid fin is 
0.384 in, and the web thickness is 0.008 inch. The 
internal arrangement of grid is of a cross-honeycomb 
type[1] . 
In the present study the multiblock-structured 
grid[9] and hybrid structure-unstructured grid are 
combined. A base grid is generated for a single fin, 
and the fin is of complex structure like honeycomb. 
The two-dimensional grid of cross section is shown 
in Fig.1 and Fig2. By extending the three 
dimensional grid the multiblock-structured grid 
system for grid fin alone is completed. The 
H-O-type topologies are adopted to the flowfield 
grid around the fin-body shape. There are 3 059 708 
points in the structured grid, 1 702 627 points in the 
hybrid grid, 1 511 309 points in the structured grid, 
and 191 318 points in the unstructured grid. 
 
 
 
 
 
 
Fig.1  Two-dimensional grid of cross section and three- 
dimensional multiblock-structured grid system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  Two-dimensional grid of cross section and three- 
dimensional structured-unstructured hybrid grid system 
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3  Results and Discussions 
The grid-independent tests[2] for the grid-fin 
alone configuration are carried out at Mach number 
2.5, freestream chord Reynolds number 5×106 and 
angles of attack of 5º and 15º.  
The horizontal-grid-fin/body shape is the 
configuration of major interest in the present work 
because the fin aerodynamic force experimental 
data are available[3]. The computations are made for 
freestream Mach numbers 0.7 and 2.5, body- 
diameter-based Reynolds number 5×106 and angles 
of attack of 5º,10º,15º, and 20º. The computed fin 
normal coefficients are in good agreement with the 
experimental data in Fig.3 (by using 
multiblock-structured grid), but are different at 
Much number 0.7 and angle of attack of 20º.  
 
 
 
 
 
 
 
 
 
The pressure contours on the X-Z cross-section 
plane of the horizontal fin for the cases of Mach 
number 2.5 and angles of attack 5º and 20º are 
shown in Fig.4 and Fig.5. For the case of angle of 
attack 5º, the oblique shock waves are attached in 
front edges of each web, and strong bow shock 
waves occur at the leading edge of outer frame. For 
the case of angle of attack 20º, strong oblique shock 
waves occur on the windside of each web and outer 
frame, but expansion waves occur on the leeside. 
Comparing the pressure contours presented in 
Ref.[3](left) with that computed by using the 
structured grid(middle) as well as the hybrid(right), 
it is seen that they are in good agreement with each 
other. Fig.6 gives the streamline patterns presented 
in Ref.[3] (left) and those computed with the 
structured grid(right).  
 
 
 
 
 
 
 
 
 
 
Fig.4  Pressure contours on the horizontal 
grid-fin cross section 
 
 
 
 
 
 
 
 
 
 
Fig.5  Pressure contours on the horizontal 
grid-fin cross section 
 
 
 
 
 
 
 
 
 
 
Fig.6  Streamlines distributions on the horizontal 
grid-fin cross section 
 
Although grid fins have been investigated 
experimentally for more than ten years, the CFD 
prediction of grid fin missile flows are only recently 
undertaken. As to the effect details of these novel 
control devices, the full understanding and further 
numerical and experimental investigations are still 
needed to be done. 
The normal-force coefficients for the missile 
calculated from the structured-grid code and the 
Fig.3  Single-fin normal-force coefficients vs α 
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hybrid code solutions are shown in Fig.7 as a 
function of α. The calculated coefficients are shown 
at α=5°,10°, and 15°for both CFD codes. The 
computated normal-force coefficients agree well. 
 
 
 
 
 
 
 
 
 
 
4  Conclusions 
In the paper, the hybrid structured-unstructured 
grid technique and finite volume method are used to 
simulate the viscous flowfields of complex grid fin 
configuration. The following conclusions have been 
obtained: 
(1) Using the multiblock point-patched grid 
and structured-unstructured hybrid grid techniques, 
the high-quality grids are easy to be gene rated, and 
this method of filling computational field with 
unstructured grid is an effective method to simulate 
the viscous flowfields of complex configurations. 
(2) The Navier-Stokes computations provide 
the detailed flowfields including pressure contours 
and the integrated aerodynamic coefficients. The 
computed aerodynamic coefficients of fin show 
different degrees of agreement with the experiment 
data of different angles of attack and Mach number. 
This method not only performs the merits of the 
structured grids such as high efficiency and low 
memory, but also shows the advantages of the 
unstructured grids such as flexibility. The 
computation results show that this method is an 
effective way to simulate viscous flowfields of 
complex configurations. 
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Fig.7  Normal-force coefficients vs α 
for structured grid and hybrid 
